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(57)Abstract: 

PROBLEM TO BE SOLVED: To quantify optical 
distortion regardless of the kind of the distortion, by 
calculating correlation value between a perspective 
image or a reflection image and an ideal image, and 
evaluating the optical distortion of a measured object 
based on the calculated correlation value. 
SOLUTION: A reference pattern 2 from a light source 
transmits a measuring object 1 such as a plate glass for 
measuring optical distortion and is received by an 
imaging device 4. The observed perspective image 3 by 
the imaging device 4 is inputted in an operator device 5 
such as a computer. The operator device 5 evaluates 
optical distortion of the measuring object 1 from the 
observed perspective image 3 obtained when the 
reference pattern 2 passes the measuring object 1. 
Here, the operator device 5 realizes a correlation value 
calculation means and evaluation means. By this, the 
optical distortion can be quantified regardless of the kind 
of the distortion and the quantification of the optical 
distortion matching to human sense is possible. Since the optical distortion is quantified with 
correlation operation, a strong distortion which was difficult to quantify with a method 
measuring the distortion of rectangular elements constituting a grid can also be quantified. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The assessment approach of the optical strain which is the approach of evaluating the 
optical strain of a device under test, irradiates a reference pattern at said device under test, 
observes the fluoroscopy image or reflected image of said reference pattern from said device 
under test, computes a correlation value with said observed fluoroscopy image, or the reflected 
image and the ideal image, and evaluates the optical strain of said device under test based on 
the computed correlation value. 

[Claim 2] The assessment approach of the optical strain according to claim 1 which computes 
the correlation value of the local image which is a part of said fluoroscopy image or reflected 
image, and an each local image and the ideal pattern of the same size, and pinpoints the 
distorted existence region in a device under test from each computed correlation value in case 
the correlation value of a fluoroscopy image, or a reflected image and an ideal image is 
computed. 

[Claim 3] The assessment approach of the optical strain according to claim 1 or 2 which 
observes the fluoroscopy image or reflected image of a reference pattern from a device under 
test, and computes a correlation value using the gradation value of the pixel of said observed 
fluoroscopy image or a reflected image, and the gradation value of the pixel of an ideal image 
with an image pick-up means to have two or more pixels. 

[Claim 4] The assessment equipment of the optical strain equipped with an image pick-up means 
picturize the fluoroscopy image or the reflected image by the device under test of a reference 
pattern, a correlation value calculation means input said fluoroscopy image or reflected image 
from said image pick-up means, and compute a correlation value with said fluoroscopy image, or 
a reflected image and an ideal image, and an assessment means estimate the optical strain of 
the ****** aforementioned device under test also as the correlation value by said correlation 
value calculation means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the assessment approach of an optical strain 
and assessment equipment suitable for measuring the fluoroscopy distortion of the glass for 
automobiles, and the reflective distortion of structural glass especially about the approach and 
equipment for measuring optical strains of a transparence plate, such as fluoroscopy distortion 
and reflective distortion. 
[0002] 

[Description of the Prior Art] There is a thing by which bending shaping was carried out besides 
a plateHike thing in the glass plate for automobiles, or the glass plate for a building. Especially, in 
the bending glass plate of big curvature, or a glass plate lacking in smooth nature, when the 
object reflected in the time of seeing an object over a glass plate or the glass plate is seen, an 
object may distort and appear. If distortion produced when an object is observed through a glass 
plate is too large, it will also become an appearance being spoiled and barring a field of view. 
Then, it is necessary to evaluate whether distortion produced with a glass plate is in tolerance. 
Some approaches are proposed as an approach for assessment. 

[0003] The fluoroscopy image or reflected image by the device under test of a rectangular grid 
pattern is observed to one of such approaches, and the approach of quantifying extent of 
fluoroscopy distortion with whenever [ angle-of-inclination / of the segment which constitutes 
the grid in a fluoroscopy image or a reflected image ] is in it. Moreover, there is also the 
approach of measuring fluoroscopy distortion or a reflected image with dispersion in the 
configuration of the square element which constitutes a grid. The approach of quantifying extent 
of fluoroscopy distortion or reflective distortion with the amount of lowering of the contrast of 
an observation fluoroscopy image or an observation reflected image is indicated by JP.7- 
20059,A. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there are the following technical problems 
in an approach which was mentioned above. By the approach of obtaining whenever [ angle-of- 
inclination / of the segment which constitutes a grid ], distortion which does not deform a grid in 
the direction of slant cannot be quantified correctly. Moreover, it is necessary to calculate the 
coordinate value of a grid in a fluoroscopy image or a reflected image by the approach of 
measuring dispersion in the configuration of the square element which constitutes a grid, and a 
measurement load is large. Especially the thing for which it becomes difficult to calculate a 
coordinate value itself and it performs distorted quantification when distortion which a grid 
transforms greatly arises is difficult. 

[0005] Moreover, although the approach of quantifying an optical strain with the amount of 
lowering of the contrast of a fluoroscopy image or a reflected image can quantify extent of an 
optical strain by the simple image processing, it cannot quantify the extent correctly about 

distortion without lowering of contrast 

[0006] This invention aims at offering the assessment approach of the optical strain which is a 
sake, is not based on a distorted class but can quantify an optical strain corresponding to such a 
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technical problem, and assessment equipment. 
[0007] 

[Means for Solving the Problem] The assessment approach of the optical strain by this invention 
includes the process which irradiates a reference pattern at a device under test, the process 
which observes the fluoroscopy image or reflected image of a reference pattern from a device 
under test, the process which computes the correlation value of a fluoroscopy image, or a 
reflected image and an ideal image, and the process which evaluates the optical strain of a 
device under test based on the computed correlation value. 

[0008] Moreover, in case the correlation value of a fluoroscopy image, or a reflected image and 
an ideal image is computed, the correlation value of the local image which is a part of 
fluoroscopy image or reflected image, and an each local image and the ideal pattern of the same 
size is computed, and you may make it pinpoint the distorted existence region in a device under 
test from each computed correlation value. 

[0009] And the fluoroscopy image or reflected image of a reference pattern from a device under 
test is observed, and you may make it compute a correlation value using the gradation value of 
the pixel of the observed fluoroscopy image or a reflected image, and the gradation value of the 
pixel of an ideal image with an image pick-up means to have two or more pixels. 
[0010] The assessment equipment of the optical strain by this invention is equipped with an 
image pick-up means picturize the fluoroscopy image or reflected image by the device under 
test of a reference pattern, a correlation value calculation means input a fluoroscopy image or a 
reflected image from an image pick-up means, and compute the correlation value of a 
fluoroscopy image, or a reflected image and an ideal image, and an assessment means estimate 
the optical strain of a ****** device under test also as the correlation value by the correlation 
value calculation means. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
Drawing 1 is the conceptual diagram showing one gestalt of operation of the assessment 
equipment of the optical strain by this invention. As shown in drawing, after the reference 
pattern 2 from the light source penetrates the device under tests 1 , such as tabular glass with 
which an optical strain is measured, it is received with image pick-up equipment 4. The 
observation fluoroscopy image 3 by image pick-up equipment 4 is inputted into the arithmetic 
units 5. such as a computer. An arithmetic unit 5 evaluates the optical strain of a device under 
test 1 from the observation fluoroscopy image 3 with which the reference pattern 2 was 
obtained by passing a device under test 1. Here, an arithmetic unit 5 realizes a correlation value 
calculation means and an assessment means. 

[0012] In addition, regular patterns, such as a checkered pattern, a rectangular grid pattern, or a 
dot pattern, are used as a reference pattern 2. Moreover, any may be used as long as the thing 
which made an area camera, a line camera, a video camera, a still camera, and photosensor 
arrange can input the observation fluoroscopy image 3 as image data as image pick-up 
equipment 4. 

[0013] Next, actuation is explained with reference to the flow chart of drawing 2 , and the 
explanatory view of drawing 3 . An arithmetic unit 5 inputs the observation fluoroscopy image 3 
from image pick-up equipment 4 (step SI), and a correlation operation is performed between the 
observation fluoroscopy images 3 and ideal fluoroscopy images which were inputted (step S2). 
[0014] Drawing 3 is an explanatory view for explaining a concrete example of a correlation 
operation. In drawing 3 , the observation fluoroscopy image 3 is expressed as an image of a pixel 
(mxn). This image is expressed as f (xi and yi). Here, f is the gradation value of a pixel, xi. and yi. 
The pixel location in an image is expressed. An arithmetic unit 5 picks out the local image 6 of a 
pixel from the observation fluoroscopy image 3 (uxv). And the correlation value C of the taken- 
out local image 6, and its local image 6 and ideal fluoroscopy image 7 of the same size is 
computed based on (1) type. 
[0015] 
[Equation 1] 
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Z Zs (xl, yl) -h (xl, yl) 

Z Zh (xi. yr) 'h (xl, yi) 
1=1 j«i 

[0016] (1) In a formula, g (xi and yi) expresses the local image 6 picked out from the observation 
fluoroscopy image 3, and h (xi and yi) expresses the ideal fluoroscopy image 7 of g (xi and yi) 
same size. (1) what the formula carried out the multiplication of the gradation value for every 
response pixel between the local image 6 and the ideal fluoroscopy image 7, and took total of a 
multiplication result — the square of each pixel of the ideal fluoroscopy image 7 — it is what 
was **(ed) and normalized by the sum of a value. In addition, when each pixel is made binary, the 
denominator of (1) type is good at (uxv). Therefore, the correlation value C becomes so high that 
it is so close to the ideal fluoroscopy image 7 that distortion of the local image 6 is small. 
[0017] An arithmetic unit 5 performs the correlation operation described above about the whole 
observation fluoroscopy image 3 of a pixel (mxn). And an optical strain is evaluated over the 
device-under-test 1 whole by evaluating the optical strain of the observation fluoroscopy image 
3 whole based on the obtained average or maximum of each correlation value C (step S3). 
[0018] For example, when the average is smaller than a predetermined reference value, it can be 
estimated that distortion exists in a device under test 1. Or when the minimum value is less than 
a predetermined reference value, it can be estimated that distortion exists in a device under test 
1. Moreover, if there is a correlation value C than which are much [ average ] less, it can be 
estimated that a big distortion is in the part corresponding to the local image 6 in which the 
correlation value C is shown. Or it can be estimated that a big distortion is in the part 
corresponding to the local image 6 in which the correlation value C which shows the minimum 
value which is less than a reference value is shown. 

[0019] In addition, an estimator may be made to perform assessment of the optical strain of step 
S3 based on the correlation result of an operation, and an arithmetic unit 5 compares the 
average or the maximum, and the reference value of each correlation value C, and you may make 
it output a comparison result. 

[0020] As mentioned above, since the gestalt of this operation estimates the optical strain of a 
device under test 1 based on the correlation value of the pattern and ideal pattern which 
penetrated the device under test 1 , no matter the device under test 1 may be distorted in what 
direction, with it, distortion is detectable. 

[0021] In addition, what is necessary is just to use the fluoroscopy image by the device under 
test 1 by which having the distorted ideal configuration which is not as an ideal fluoroscopy 
image 7 is checked, and the observation image at the time of observing the direct-reference 
pattern 2 without minding a device under test 1 . When the reference pattern 2 is a periodic 
pattern, it is good also considering the local image which adjoins the local image 6 for an 
operation as an ideal fluoroscopy image 7. 

[0022] Moreover, although the gestalt of this operation explained the case where the observation 
fluoroscopy image 3 by the pattern which penetrated the device under test 1 was treated, even 
when treating the observation reflected image by the pattern reflected by the device under test 
1, the approach and equipment by this invention can be applied similarly. 
[0023] 

[Example] Hereafter, the example of the assessment approach by this invention is explained. 
Suppose that the observation fluoroscopy image 3 as shown in [example 1] drawing 4 was 
obtained. This fluoroscopy image has distortion which the checkered pattern expanded and 
contracted only in the longitudinal direction as shown in drawing 4 . The observation fluoroscopy 
image 3 is an image of a pixel (512x512), and used the local image 6 as the image of a pixel (8x8). 
Moreover, the signal value which says to the black field in a checkered pattern as -1. and is said 
to a white field as +1 was given in calculation of the correlation value C. Then, the value of the 
correlation value C approaches 1, so that correlation of both images is high, and the value of the 
correlation value C approaches 0, so that correlation of both images is low. 
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[0024] Drawing 5 is the explanatory view showing the count result of the correlation value C. In 
drawing, a white part shows the part whose correlation value was large in a count result, and a 
black part shows the part whose correlation value was small. In the observation fluoroscopy 
image 3. the correlation value acquired by the approach by this invention is small in the large 
distorted part so that clearly from drawing 5 . Thus, by the approach by this invention, the 
distorted existence region in the observation fluoroscopy image 3 can be pinpointed, and 
distorted extent can be quantified by the size of a correlation value. In addition, by the 
conventional method of obtaining whenever [ angle-of-inclination / of the segment which 
constitutes a grid ], distortion as shown in drawing 4 cannot be quantified correctly. 
[0025] In the [example 2] example 1, after making binary each pixel of the observation 
fluoroscopy image 3 and the ideal fluoroscopy image 7 (black: -1, white:+lX the. correlation value 
C of both images was computed, but if each pixel of the observation fluoroscopy image 3 and the 
ideal fluoroscopy image 7 is multiple~value-ized, a correlation value can be computed with a still 
more sufficient precision. Consequently, the distorted existence region in a device under test 1 
can be pinpointed with a still more sufficient precision, and distorted extent can be quantified 
with a still more sufficient precision. 

[0026] For example, in performing 4 value-ized processing, it gives the signal value of -0.25 to a 
black adjoining field [ in / to +0.75 / a white field / in / to a black field / -0.75 and a white field ] 
to the white adjoining field in +0.25 and a black field. That is, about the ideal fluoroscopy image 7, 
the signal value of +0.75, -0.75. +0.25, and -0.25 is given to each of the white field 8, the black 
field 10, the black adjoining field 9 in a white field, and the white adjoining field 1 1 in a black field 
like [ of the checkered pattern illustrated to drawing 6 / a part of]. 

[0027] Also about the observation fluoroscopy image 3, the signal value of +0.75. -0.75, +0.25. 
and -0.25 is given to each of the white adjoining field in the white field detected from an 
observation image, a black field, the black adjoining field in a white field, and a black field. 
Moreover, correlation between the observation fluoroscopy image 3 and the ideal fluoroscopy 
image 7 is computed using (1) type. 

[0028] Since signal level is multiple-value-ized when 4 value-ized processing is performed, 
distorted extent can be quantified with a still more sufficient precision. Moreover, in this 
example, since the middle signal level of a white field and a black field is given to a monochrome 
border area, the quantification which is produced in binary-ized processing and which removed 
the effect of an unnecessary moire distortion can be performed. 

[0029] The response relation between the result of having quantified the optical strain by the 
[example 3]. next the approach by this invention, and human being's distorted sensation is 
explained. Here, the relation between the threshold experimental result by the test subject and 
the optical-strain quantum value by this approach was investigated. 

[0030] In the threshold experiment, what gave a sinusoidal distortion to which the intersection 
location in a rectangular grid pattern as shown in drawing 7 was moved with the sin function, and 
the thing which gave a linear distortion to the rectangular grid pattern as shown in drawing 8 
were used. And it asked whether distorted strength would be changed, a distorted pattern would 
be shown to a test subject, and it would distort and be visible. The probability which generally 
answers that the stronger distorted pattern is distorted becomes high, it is and the weak 
distorted probability which answers that the pattern is distorted becomes low. Here, the 
probability (probability of seeing) which answers that it is distorted, assuming that distribution of 
the threshold which begins to sense distortion distributes normally was changed into Z score, 
and it considered as the amount of distorted sensation. 

[0031] On the other hand, the distorted pattern used in the above-mentioned threshold 
experiment was expressed as an image of a pixel (512x512), and correlation with the distorted 
ideal pattern which is not was searched for by the approach according the local image 6 to this 
invention as an image of a pixel (8x8). And the average of each correlation value computed about 
each local image 6 was made into the optical-strain quantum value of a distorted pattern. Here, 
the signal value which says to the black field in a pattern as -1, and is said to a white field as +1 
was given. 

[0032] Drawing 9 is the explanatory view showing the relation between the amount of distorted 
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sensation (Z score) obtained in the threshold experiment, and the optical-strain quantum value 
calculated by the approach by this invention. It sets to drawing 9 and an axis of abscissa shows 
the average in the image of (1-each correlation value), a correlation value is so small that a 
value is large, namely, it is shown that correlation with an ideal image and the local image 6 is 
low. As a correlation value becomes small also about the distorted pattern which has a linear 
distortion also about the distorted pattern which has a sinusoidal distortion so that clearly from 
drawi ng 9 , the value of Z score becomes larger (as it goes to the axis-of-abscissa top right in 
drawing 9 ). That is. the probability which answers that the test subject is distorted becomes 
high. 

[0033] Therefore, it was checked that good response relation is seen between the optical-strain 
quantum values and the amounts of distorted sensation which were calculated by the approach 
by this invention also about the distorted pattern which has a linear distortion also about the 
distorted pattern which has a sinusoidal distortion. This shows that the approach by this 
invention is an approach that the distortion measurement which was not based on a distorted 
class but it not only can perform quantification of an optical strain, but suited human being's 
sensation can be performed. 
[0034] 

[Effect of the Invention] According to this invention, as mentioned above, the assessment 
approach of an optical strain, and assessment equipment Since it constituted so that the 
fluoroscopy image or reflected image by the device under test of a reference pattern might be 
observed, a correlation value with the observed fluoroscopy image, or the reflected image and 
the ideal image might be computed and the optical strain of a device under test might be 
evaluated based on the computed correlation value While not being based on a distorted class 
but being able to evaluate an optical strain quantitatively, it is effective in quantification of the 
optical strain which suited human being's sensation being realizable. Moreover, since an optical 
strain is quantified by the correlation operation, by the approach of measuring deformation of the 
square element which constitutes a grid, quantification can also quantify a strong difficult 
distortion. 

[0035] When it is constituted so that the fluoroscopy image or the reflected image of a reference 
pattern by the device under test may be observed and a correlation value may be computed 
using the gradation value of the pixel of the observed fluoroscopy image or a reflected image, 
and the gradation value of the pixel of an ideal image with an image pick-up means have two or 
more pixels, in order to compute a correlation value using a gradation value, since the difference 
between a fluoroscopy image, or a reflected image and an ideal image can be reflected more in a 
correlation value at accuracy, it is desirable. 



[Translation done.] 
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